Abstract. The paper presents data on the distribution and habitat preferences of Polygonum arenarium subsp. arenarium in Slovakia. The study showed a rapid decrease in the number of localities in Slovakia in recent decades, due to destruction of sandy habitats. At present the taxon is considered to be very rare. We recorded it in stands of pioneer vegetation of the Festucetea vaginatae class developed on open sandy dunes, in the associations Festucetum vaginatae and Bassio laniflorae-Brometum tectorum.
Introduction
According to Grulich et al. (2012) the genus Polygonum is represented by four species in Slovakia: Polygonum arenarium, P. aviculare, P. graminifolium and P. patulum. While P. aviculare is very common, other three taxa are rare (Eliáš et al. 2015) . This paper is intended to clarify the past and recent distribution of one of those uncommon taxa -Polygonum arenarium -and to describe the plant communities in which it occurs.
Material and methods
A field survey was done in 2006-2015 in the Burda Hills, Podunajská nížina Lowland and Východoslovenská nížina Lowland. As most of the literature data are unreliable, the occurrence of P. arenarium was studied using specimens deposited in 17 herbaria of the Czech Republic, Hungary and Slovakia: BP, BRA, BRNU, BRNM, LTM, MMI, NI, KO, OL, OLM, PMK, PR, PRA, PRC, SAV, SLO and ZV. Localities recorded since 2001 are considered recent; all others are considered historical. Herbarium acronyms follow Thiers (2018) . A list of revised specimens was compiled according to the guidelines of Flóra Slovenska VI/3 (Goliašová & Michalková 2012) . If names of settlements given by collectors are different from the current form, we include the original name in quotation marks. The localities are shown on a grid map drawn in ArcGis ver. 9.2. Coordinates of historical localities were taken from Google Earth. Coordinates of recent finds were measured in field work with a Garmin CS 60 GPS. The phytogeographical divisions of Futák (1984) are also used.
The taxonomy and names of flowering plants follow Marhold & Hindák (1998) . Names of syntaxa follow Jarolímek et al. (2008) and Borhidi et al. (2012) . The phytosociological relevés were sampled using the Zürich-Montpellier method and graded on the modified (nine-grade) Braun-Blanquet scale from Westhoff and van der Maarel (1973) . (syn. P. pulchellum), has a Mediterranean distribution (Webb et al. 1993) and was introduced to the British Isles (Lousley & Kent 1981; Stace 2010; Akeroyd 2014) , Germany (Wagenitz 1981) , Belgium (Verloove 2006) and Scandinavia (Bengt 2000) . It differs from P. arenarium subsp. arenarium by having flowers in lax cymes and with glossy, irregular warty achenes (Webb et al. 1993 ). Both taxa have sometimes been confused with Polygonum patulum, and P. bellardii (Akeroyd 2014) .
Occurrence in Slovakia. We found that the species has occurred at 25 localities in total (Appendix 1), situated in the Burda Hills, Podunajská nížina Lowland and Výcho-doslovenská nížina Lowland (phytogeographical division of Pannonicum, SW and SE Slovakia) at 108-250 m a.s.l. The occurrence of P. arenarium subsp. arenarium in Slovakia was first documented in the mid-19th century from SW Slovakia (Grundl 1857, SLO), while the earliest specimens from SE Slovakia were collected some 70 years later (Margittai 1928, BP, PRC) . During our recent field survey, the presence of P. arenarium subsp. arenarium was confirmed at only 9 localities, all situated in SW Slovakia (Fig. 2) . At these localities it survived mostly in multiple populations, each numbering tens to hundreds of individuals; at two sites (Mašan Nature Reserve; Nesvady, dune with a chapel) we saw only a few individuals. As is known for many species of annual psammophytes such as Androsace septentrionalis (Symonides 1979) , the population size of the Polygonum arenarium subsp. arenarium populations undergoes large inter-annual fluctuations, associated particularly with vegetation succession and/ or weather conditions. We did not confirm the presence of P. arenarium at any of its former sites in SE Slovakia during our field survey; this is in agreement with findings of other researchers (Mártonfi et al. 2014; Fig. 2) . The last reports of it came from the surroundings of Streda nad Bodrogom village about 30 years ago [Bogoly 1985; V. Grulich 1988 (MMI) , J. Šmiták 1988 (BRNM)]. Its decline is related mainly to human activities, especially sand mining and afforestation of sand dunes, and also secondary succession, mainly invasion of Robinia pseudoacacia.
Polygonum arenarium subsp. arenarium belongs to a group of vanishing annual psamophytes (e.g. Allysum desertorum, Apera interupta, Corispermum nitidum, Bassia laniflora, Syrenia cana), two of which show an almost identical distribution (sandy areas in W, SW and SE Slovakia) and a decreasing trend in the number of localities as well. Only 14 sites of Bassia laniflora (19% of all of its sites) have been confirmed recently, while in some areas (Poiplie region) it has completely disappeared . Similarly, Corispermum nitidum Waldst. et Kit. has not been confirmed for nearly 15 years in the Východoslovenská nížina Lowland (SE Slovakia), and more than a quarter of the localities in SW Slovakia have disappeared (Eliáš 2016) .
Although the distribution of Polygonum arenarium subsp. arenarium in SW and SE Slovakia has been published in relative detail (Chrtek 1958; Maglocký 1999) , the occurrence of the taxon in the western part of the country is questioned.
There were published records from the Záhorská nížina Lowland (e.g. Šmarda 1953; Dostál 1954; Dostál & Čer-venka 1990 ). As we found during revision of herbarium specimens, all those records are based on misidentified taxa of P. aviculare. The absence of P. arenarium subsp. arenarium in adjacent sandy habitats in NE Austria (Marschfeld) and SW Moravia (Chrtek 1990; Walter 2008) corroborate our findings. The populations of P. arenarium subsp. arenarium in SW and SE Slovakia constitute an extension of its rather continuous distribution in Hungary (Király 2009; Bartha et al. 2015 ) and also the absolute northwestern limit of its distribution range.
Status in the Slovak flora. The distribution data from 17 herbaria and our field research demonstrate the conspicuous retreat of Polygonum arenarium subsp. arenarium in Slovakia. The taxon is extinct in the southeast part of the country, and in the southwest the number of sites has fallen by half. Our findings confirm the classification of P. arenarium subsp. arenarium as endangered (EN) on the red list of ferns and flowering plants of Slovakia (Eliáš et al. 2015) . It is even rarer in Croatia, where it is classified as critically endangered (Nikolić & Topić 2007) ; it is rather common in other parts of Central and Southeastern Europe (Ciocârlan 2009; Király 2009 (Soó 1938 (Soó , 1980 Borhidi 2003; Borhidi et al. 2012; Sanda et al. 2008; Trinajstić 2008) . The presence of the perennial Tithymalus seguierianus suggests that this stand is probably only an ephemeral stage of the association Festucetum vaginatae.
Similarly, relevés 4 and 7 represent communities of exposed sand dunes with dominance of Corispermum nitidum, which are usually assigned to the association Brometum tectorum in Slovakia (Valachovič et al. 1995) . In Serbia, however, the association Corispermo nitidi-Polygonetum arenariae was described from large sandy areas of Deliblatska peščara in the southern part of the Pannonian Basin in NE Serbia (Stjepanović-Veseličić 1953) . The community covered naturally open, air-exposed sandy dunes and surfaces of sandy dunes after fires. According to Stojšić & Dinić (2009) this community was very short-lived. It developed in the first year after a fire; in the second year the association Festucetum vaginatae already began to develop. As compared to stands of P. arenarium recorded in Serbia, the stands in Slovakia are more species-rich and occupy smaller patches. Also different is the geomorphological situation of this habitat in Slovakia, which usually developed on steep slopes of sand pits of secondary origin. Further research is needed to determine whether the stands recorded in Slovakia and also in other parts of the Pannonian Basin can be assigned to the CorispermoPolygonetum arenariae association.
Other Polygonum arenarium subsp. arenarium stands in Slovakia represent the associations Festucetum vaginatae (rels. 2, 5) and Bassio laniflorae-Brometum tectorum (Soó 1938 ) Borhidi 1996 . While the former is well documented in Slovakia (e.g. Valachovič et al. 1995) , the latter was found only recently (Eliáš Soó (1938) they are characterized by the co-dominance of Bassia laniflora and Bromus tectorum (coverage 5-75%); in addition, Anthemis ruthenica, Acetosella vulgaris, Botriochloa ischaemum, Cynodon dactylon and Polygonum arenarium were present with higher coverage (5-25%). Stands found in Slovakia have a very similar species composition (including ruderal species and weeds) but the coverage of both dominants is lower, ranging from 5 to 25% (Table 1, ).
Besides the above-mentioned phytosociological units, Polygonum arenarium is reported from a wide range of psammophytic communities of inland sand dunes in other parts of Central and Southeastern Europe. It is also reported in weedy vegetation developed in stubble fields on sandy soils (Borhidi 1996; Borhidi et al. 2012; Sanda et al. 2008; Tab. 2) . Based on that information, we conclude that Polygonum arenarium has no specific affinity to a particular psammophitic plant association and that it occurs in a wide range of pioneer psammophytic vegetation of wind-blown sandy dunes and in semi-ruderal stands in abandoned sandy fields and sand pits. 
